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*11 airai labia pr0T#4 Mii^tpt** A Kirvay of #xistiag 4«*
signs ««• MUto to arriv* m% a loci#«l 4tsl|^ |»olfii« th%
tm9% %htk% |»«rall*l tlom voeld •Jil»% viUiiii Xh» €dimmb%r was
iioi«d« MI4 Um Ivurmtr ««• ^siflasd to obtftin Um rs<|iair*4i
flow wi%h aa oqyal |»ro«oum drop aorooo all tho parallol
p«th«, thm holoa for iairodnoliic tlio air into tl^o tnimor
iMM^at «oro plaood in auah a mummr %hm% tlia total araa liw
to t^ tfatnmr baakot» plottod as«iciot dlatoaoo doanstroaat
fall OB an aro of a oir«lo* Thia •«#• tlio doalfln follow
aoviM'al prowod ootioopta astottot&oally*
tim porfor«ai»«a «aa oalvilatod and ooi8|»arod with ex*
iattofi doai8»o« Tho o—pariaen vao qelto favora^lo, vitli
tho axaoptlon ot oo«lmatio» affloloeoy* Sifioa tbo oaplr*
iaal o^^tlon for oevlMioiiott offloiofioy »oa obtaliiod fro«
toato nndor all^btljr diffaro»t oondliioaa tlMMk tba doaign
point t doubt oxlato aa to tba valid! tar ot tbo waliioa oW









Many ocNibiBfttleB ^HmmlbTm t&r tttrbt»»^*i •ngia** hKwm
hmmok Imlli miA i««t*4} imwmymrt itomy tUX tmll lxk%9 on* of
two eXA««lfi«aiioDs. fbm ««4it mnmmb tf^ im Um tub* or
*mm* wMntoitsiion rt>i«teT« tli« oUi«r is Um anoular typ««
th« ^esa* tj|« «f «o«bii»ti«Mi «iMMib«r» •• it* i9mm«
iii^i«»t i« • M«tal ttyliii4sr or mo viili mi Ummr liomr or
*b«iic»i'* «t3i«ls o«piirftt#« i^ air into two iMMrt** tlio oari^
t»rt»o*^ot o&ginos dooigaod by 4ir gowipdoro /• /zhittlo of
Qrmm% Britain ummA ^ean** aosbootion ohai^To of ttoo **roti;m
flow* typo* In thio typo of afeHMtoor* tfeo air paaaoa ovar
tba antiro laniittk of Uia aoMtaatie^ aena boforo antoriniK ta
ba ttijnail with tba fual and bnmad* tlwa tba 4kXr ia pr**
haatad by abat vooid oUnamiaa ba aaata ha«t» Tbia advao*
ta<a ia aara than ovorm^m* by tba 4iaa4vantaca of a bi|^
l»raaattra loaa* tba iwira n^^aro ^aan"* typa aaa^aaiiaA aba»»
bora aro ot tba "atraii^t %trmi^* variaty* i«a»» ibara ara
•a tsma anooentarad aithis tba ateai^ar itaalf.
Tha anni^lar typo of aaaibnatiati abaarbar £»aa tba dia*
tieat a4mMiiaga of offaring laaa frontal mrmst twt a givan
aapaaity tban a battary af *^tfia^ of a^^ial aapaaity. Tba
anmiiar aanbiiatiaM atoasbar ^mm tba iliaaAirajttaia of bavi»4
ta ba taatad in ita antiroty* ahiXa ona ^aan* of a a»lti-
battary mm ba taatad. Varli ia bainc ^mm at ^aatiaglMMMa
in taatint a aaail aapMMit of an anamlar abaabar and aat^g
tba rawiita ta prodiet tba parforman^ of tha aoaplata ynit
7j^ ^,m: - '
tt MU
A i I !%Ani> Aft
So r»«iiilts hmw li«*a pitt>li^:i«4» \mX X% Is •aEp«et«d that this
••tHod sf tsstlnft «lll provs ft4fctl«rftOtor7.
Stfiss til* *MM* typs so^HistiMi <IWMib»r is ttore
•ssily teiit and th# tsstifi£ pro«S4JNirss for tiMi stuMriMr srs
sore nssrlj stsnAsrdissd* it »ss dssl4sd to b&ss ths snslirt*
issX ^miffk «A this typs ot sssMisiiso slisiiAksr.

*<^t and inr* ha* b*«ii tJ»« a*ili»4 mt^loymA In tiMi
^•i ia <t#«icnlx)s oottlmsildA iiiMi»tr« f^r i«irb«»J«i •i!^ln««*
•bl« iMi^i In ofetAlnlac r«a«li«. li i« ilk* pmrp^mtt ot %him
l«Y»«il(Pitio» to 4«9i(pa « •MiMiwtion tfMttlHir using «ft«Iytloal
••taM4«. Frof«(l •«a«»|»ts viil ¥• «iii«<3 iiAi«r« tb^i^ mrm avail*
i^I«« It ia t»p«4 tliai Ukl* ;^r»••4ttr» will pre4lti«« « jiaii»»
factory htiiwiiir ^iln iiitXa or od ait»raii<»i »a»»a«ary«

takon %o h^ 1800^ l*» tltl* bslng U^ weIwoti W«|»«rftt.ttF» at
wlii«l^ pr^mm^t day Uirlkln* «tt#«l» (mha opmrmt^* Suffislaai
fli«l t# ••lilov* t})t« ii»|»«r»l«r» ilir«» • fual^alr ratio far
too loan for oatlafaotory mmikmm%t«m» fl»oroforot tho air io
dlvi^d Ifito ^rtamry air and ammmimrf air* tho primaay air
boiof Juot onfftoiODt to proditoo a otoiohloaotrio fuoX-air
wixtoro iritis tbo roq^irod fuol aad ttao oooondary air boiAg
itttmdotod to oool tlao produoto of ooiAttotion bofor* ro&oiv
ix4^ tlMft tiirl»ino»
TIM priiiftrx air aioot bo inirodoood into tho ooflib«o»
tion flMi^or oitli Ottottgli torlmloiioo to inouro good oixiitu
vith tlio ft)ol. tliio tiifflNil4Mio« oioo ojpoodo %hm mmimg and
givoo a oiabio flaaio.
tho ooeoadary air lutoi bo broogl^t in with mte&mglk
lar^o»ooalo turbolonoo to oo»|iloto tl^ b»ffmltt« and to laiit
tlkoroodhly oitb %hm prod«;toto of ooiMB«iotioni« A»y otratifio*-
%i&n dno to i»oo»pXoto oixias «i^i rotmlt in layoro of air
at toiRiHiraturaa higbor ibon tho alloimbio roaoMiMI tiMi titr*
bi»o« Hot o{H>ts will bo oaiiood, and a failii^ro of tiNi natal
ay oo^ir*
Hi^ tiirtulofioo and a long oo»btiolioi» obaaibor lond to
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mlr C&4 •«rt>u«tion produots. UaforUiB*t«ly» thmmm 4iuurm^
i«ri«iiMi ftr« ci«t «oii|^«tibi« with an •ffiol«iit (S«»iiiik, Hl^
raii^fi art •rlti«Al« ill* «4diil«Eial prfttMnim las* iHiiob r*<-
AByihiii£ in •x«««« 9f %l&l«i vliiX* iiMnrttiMi* me»inmt tMrbinm
aod v^lglit mrm at a pranttts* tbia praaii»d«a i^ na* af an
axaaaaltaly Itos •aalmaiioK aiia(»i»ar ia aaaplaia Umi ttixia^*
i^angtlM of thraa ia fottr dlawaiara ara ourrant pra«tiaa»
thm rata at afelal) ilia aaaandttry air la mlxad witlt
Mm ••Mfeiiiatloci praaii«Va la af #raat iai>artaKi»» fao amab
air l&trediiaad too aoaa «ay ofeili tha fiaa^ fraiat aiiiffi**
aiantly to praTant tua aaiib«ati^3 raaati<dii froa going to
aoftplatiatt* THiat ^^ ao«ra«t would rad^itoa t^ a^Bb^ttatiofi
affiaiaaay* ^mft^rma^m I atataa tliat th% firat a*«aiidary air
ahoiiid aat hm ietradaead n9tkrmr thmn aix to ai^t ini^aa
daaaatraaa frMi tlia fual ikaaala.
£xpariaa»ta a<m<li»atad at tfm Oalifomift liiatityta of
t^i^hnaiafiy wh^m titat tisa aha|;»a of tiia lioiaa @aad to lat tlsa
air tlireng^ tha innar liaar htim an affact on tlia praaattra
drop throegii thaaa holaa and alaa asi affaat on tha aixing of
tha air witfa ilia Mttlniatioii prai^ota. Figaraa I ai»d Z tlt^om









b«st, Mid • •lot pmrp9ndl0i»lmr to th« flov Vm worst*
tbm m^fimrm hol« and !]»« sX^t ar« ttad»»irii&l«, h<MNrv«r»
^4ftu»« bifih «tr«M •«MM»tratioii» vovlA ^ |»rodU4«d *t Um
•h*rp eoro*r«»
fli« roimd hole b&« fountl ftlwost uBiYtrsal ••«i*pt«ft<i««
YlM «•• sf ft b#il MMitli Ml XMmm^ 4^lft» r9duo«s Urn pr««8ur«
4rop sorosB tiMi b»l#« bjr a««rl7 thirty p«r o«nt »itlu>«t Af«»
f«otla£ th« nixias*
th99m •jcp«rls«ats &l»o «h»ii»g Uuit «imii||iafi tiM
hols* la lifi## with on* h<»l« cHr^stly 4»mkmtr^mm from %tm
•tli*r &^ym %hm ipfHMit««t mmamat of turlmliii^ for « |^v«b
fr«««um <lrop«
dlii#« t^r* arm no f««iXltl«» Ar*llabl« for tooting
tlMi «ltitt»do porfonMAOO of o oovbuotloo elMsbort no Attottj^t













f* ttBWfSMi or f8£ B&ai<ai JPOlXt
Xa (nr4mr M *rrif« at « •uiWbl* a^^ign point « i» car^
7»1»1« I ll«tft tti« d««iiB ttMtorm for tb« oosbusticn tliMib^rs
of Utmi^ •fiSioos*
?h# *l.ottdinc tm^%0r* or **ooi^i30tio& iAioooliy fftoior***
oo it is ooaoiisoo ooilod* is a porosotor origiiuiiod bjr t^




vboro q « host ifi|»ii ia Wm/W
f s jrrsssttro iasidhi shsiibir i« si«o«|^tsrss
V s voliMio svsiisliXs for «oalMi«%i«n ia«l4» iMMkot in
fi^
X « iMkAias f*oi«r lA Sin/lir^fi^«»%Ui«
Umi lisiit iufni is «0i^to4 bjr amiiiiki^liig tlio f^ol
fl«v rsto in pssMiift fior 2>our bjr ite Xowr bostla^ vsluo sf
iJis tM%lm Tho voXuao svmilsblo for mmSmtMm tiisi<ls %bm
bMkoi is isksa fron i2io fuoi injooiioa nosjtXo to tho tar*
bins snirsAos*
It son rssdiX^ b« ssstt thai tiMi ocMibDstisn iatsnsity
faotor is s cs«A inaxoation of tbs ooadilions ixidsr ohiob
•satmstioa tsl^s fXsso* For iasta»os» for s givsn b*st io»
l«t« tlis Xsi^isr tJ3ko voXitas ovaiXsbXs for soalmstiont tbs
crsotor viXX bo tbo smumt of oir araiXabXo to slMMMrb tho
boat roXoaso4 afi4» oonso^fosntXy* ti»i Xooor is tbs iotoasitjr
nao^ m .nwum .v
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«i0»
imm%9r* Asaia* for • g&vtft imm% la|pi»i «fi4 « slvvn voXtuM
ftVftlX*i»lo for «oaitai#ii«ii» Um XwMr in* |»r«Miisr«» tlM
•mUl#r will b« tlis ««•• of Mr ttod ife« hl^^r !• th* ioapor*
f«(«U»r «&XX W iti^i«r»
-'^^^"'-r " • " -»^.—>^—^-.— —.., .,.—>: 1——w .—^z.^—»... - II, —..-, , .-^. ^ . , ..,-^ . . , ... ,,.^^,.^.|^ . Trrirr' i r-ii nr -- j '-Mir'
T0»X80 U»3S} • XOO S«X X XO* t«3 3*3& 4.00
Z«40 CJ<*39) X4 XSO 4*6 m XO^ $.5 5^80 4.90
i^«iMi t 90 e.o X xo^ xo.o e*ao t.To
Somori V t to £«0 » xa^ X0«0 t»«0 3.30
OobXin XX X« XOO 3*5 m 10^ «.d 3.dO 4.50
XtMCS Atttmlftr ^^ t«0 Jc XO^ » «.
9«8it 4)nmtX*r • xa*0 x XO^ » «
MlMhWMWkMaAMHWki^
* X * l«»»<ltag f««tor or oonlmoti^Ei liit«&oit^ fo9tor, Btui
por taottr $mr «»%!• foot por «%»ooi»l^ro* bm—4 on
toioX voXaito oi«IXo%Xo f<Nr •Mtiliii^^^ «»4 aXxXsmi*
II « MiHilMir of ooMM^ti»tl<»i o&«ftlMirs#
X m LmR^tM itx I»o3&oo fro» fuol no^xXo to tm^ of b#olcot«
I. - Umg^i In Xii^Mro froa tmml »oi»sXo to t»r^i»o ORtrmoo.
Tf.-* Boforor««o voloelty Xm foot por oooo&4« oo»p»to4 uoXag
AoxXaus orooo«oootloii«X oroo of oea^wotion olioaibor*
& <» SloMOtor of Ikooicot iti inohoo*
¥lio iritis iMovo trioil to oorroXtttA tiiio oooeinjiotloii
ii&tiK^oitj fskOtor olth toiR^otioi:^ Xooooo* wbiXo ao oXooo
«0i-
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MirrttXatien «3il»t8 b*tMi«ii dlff^r^ii «0ate«i&<m «luMi^s^»
murwm of lndlirl#Ml ^tktmlbmrm «b«ii %3bm% •••^•ti^ci lo«s««
UMOpmmmm rftpidljr viUi ia«r«A»iofi •oftbiisiiifi ini^rislt^ f&aior*
A typical £r«|»^ df 4MMilNi«tl«i !»•••» vs* #o»ln»«ii«ni lEit«a«it>
i$m%or !• i>r*««ei«4 In figur* 3 for ili» JUimi« B^Z7 ^Ammlh9r»
ll«ii«vtr» th««« Xos««s mmy bm im^r^iamt^ly high sin^itt at «•«
i«v«l» vali3«0 of •oiriMiatiott lBt«a«iiy faaior «• hisli ••
9 X 10^ «!*• |}0««ibl* iitili ft o^flidnifltldfi aff lolttAtty of 95 ^Ar
e*nt (Hef» B)*
tim r#f«rQno« alaolijf* V|.» i» imeXhmr SriU«b p«ra»
afttar* 1% !• ^tatf io c^t a r«iigli •^«k on Um total lo»«#«
throiigli tlM •MiNiatioii •haa^^r. Bafaranoa 3 a%(<»a« that In*
dividual aoalj^iatioKi aluiabara liavi a ]^^9mir^ l:^aa of frwi
go to 30 tieaa tha valaaity liaad ^mputad far Uka rmt^rm&tm
valoaitjr* ttmm it #aii ba aaan tbat a low valtta of rafaraiioa
valo«itjr «l»o»ld b« naad In daaigniufi a MMibiiatloxi olMUH^r*
Saiia of tisa daaii^Q aanditiofts vara diatatad by yia
air MNiroa alU^ would ba availabla to taat iha aoabyaiion
obasbar whmk bi»ilt* Thla mamr9* ia fro« t^ aaoMid ataga of
«i Alliaon V«>ltlO a»paral%ariear imA ia aboot %Mr%m fouada par
•a«a»d at 1*6 at»oa|ribaraa and 800^ T»
AS a raaialt of ihia mMrwmy and front ooaaidaration of
tfea air aoitraa avallabia t^r taatla^* tb« folloainfi daaiipi
point was aalaeiads
Aitituda o aaa lairal
w • H Ib/aaa
^4mJuia^ imtB
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^47 * iotml pr^mmkr% In Ife/ft^ «t Miiriirie^ to 4Mdnifti&oii
f>M * AfospthTlo pr«svur* la iVt^ «t dUBi^tortfi
oon^ltlons
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« •«! ft a 7.53 tn
In »U]/lb «lr •* ^K
•l»4 • •l^«lfl<i i^ftt fti oda«l»«cii |»r«««iir# la
ft%«/lb «lr *% at witTHMM io •o«^«ti«ci
•p^ * «P#olfl« hMki At ooi^tftant prmmwur^ in Stv/I^
air *» ^B *t Mili fr^MB ••sMictlott «iiMi^r
« .tM ato/lb air « <^
»li»r» % • hftftt r#fiiir»<l la htu/lh air
t • t«t*l t*«|Mir&tiiir« at •«ribttctl«fi ilMuA»«r •xlt la
»T eg
*il mi 1» mmm • a
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^ • fl,
<• n^ iaim «c.
f « .tM<lMO « MO)
m 343 SilU^lt air
*^
'rJI^T
*f ^ MS 1 ft
UftOO
frlitrY Air HigiifiHl
In orAtr to obtftin auffioioni eoftbvoilon la 14m
prlaary mot^, thoro ^ottI4 h% m oiolahiosoirle elxiuro of
fuol mt4 mir Im Uii« sono* tlnio, Uio fuol«>4ilr ratio mumt
v# •OCT*
.06t
whoro * s voiglkt of priaary «lr ro%uirod in It/mt^
• OCT
M3HMI ^tiUiMf ite llill<#i1ilflli
wtioro 9 « iroluao avoilftblo for QOiift««%i4M ia f^




OI«\ -^ '^rf (•..<»«•#«»
«•*•
WNllitPI-' "*U> ;i&l. yigjiii fciilA gg^i^f
5^t
•17-
V^ • voliMM •f lMml»pl9t»rtt in fi^
fS3 • ¥olti»« of oylind»r Ifi ft*
VfQ « VOlttONI of i«ll «IOEI* In f%^
«h«r9 « 4ifts»t«r »f myltm^Br in ft
i « flwullM* ili«««i«r of tail •oi^ ia ft
l^ • liiAi^ ^^ «grliii4or ia ft
li « iODgtb of iftii «9ii« la ft
A««Mlill« tbAt D » 6 id * l/t ft. d » 4 ia • lA fit
•114 li • Q la s Vit ft«
89 s >7a&
^c * jJM s /1t86 .yes 1 .786 X >ya5 ^
!*•
«il iai. s;











































Ig » 1.02 ft • 12.e5 la
th«ft,
I • is e.ss
vh«r« 1 « l6n£tb froa fuel nozzle t« doiai»tr«a& e&d
of eylindmr is iiiob««
e*S5 « lengUi from fuel »ozsle to «p«treea end of
eylla^r its Inebee
1 s 12«a& S.8$ • 14.5 la
41«o»
L s 1 1&
vHere L « leiigUi fre« f«el aossle to mid of tall e^te
la Inehee
L » 14*S S • 19*5 Id
4 * S*4£ t^d L « 5,S5i I
Slaee the VAluee of 1/P &ad I/O are betveea the de»
sired Taluee of 2 aad 3 aad S ta 4 respeetlTely, the dla«i»
si one of the httraer bairtcat »ere eeleeted ae aa««(»«d and
aal«»lated la the foregolag proaediire asid aajr he saaaarised
ae fellowes
C • 6 la l0 • IS* 85 la
d « 4 la 1 « 14«& la
h • 5 la I. • 19.5 la
-«?r«
4g,- ,. ,; -.n- «?"., t: i
, (Wiri
•fldc. .' oj «i' . . i»iiri ii.-^'w
-^n
fl? ' .^^ • ... .
^
tlMi pr«^lMi of iaira^eliag %bm jprimmrj Air vlUi th«
pr^pmt toir)Ml«tt«« is thm itoct iMporUai ftln^l* faotor la
ih# ^sisn of « 0(Mibis«tlo» tSt^mmUfr^ awmH^jb^ to a« «r« l««rad
CB«f* 4), £lk«tt 4o(Mi |^rop«rl7» « MMioUi* ooiitioii««i« igiaiiioB
pr»««»« •e«»r« in IIm 4ttam mk6 of %li« «o«ttoii»Uon olMBiriMr.
•••% r««yXts hay* b#«fk i^i«i»«# t^wn •vsrjrthlfi^
po«slbI« luM hmtm dsa* t« pr^diMit « #tre«ig rovors« flow ii:i
Mhi prXtmrf son** ttii* r«v«r»4i or *hJ^ak'»tlom* pro^ooo ^is
*lgAition odd^ or "iorot* <^« i^ i* roforrodi to In £««rad*«
To ootft^lloii Uso oxlaiOBttO of ilsiio *toro*' bo^€«i4 oa^
doubt » VATioy* toots hoiro booe eorriod out iritli prooouro
jproboo* oloog oitb otiior tooto mttib oo i»^ootiag tlsto f«ol
into tho flrot ring of holoo Inotood of ot %hm nwKmlm*
fliooo tooto )iovo provod t^t tj^ flo« is o«««itittiIjr tliot
oiiloh to obooB lA Fl|:oro &•
Loeliiiif ot tbo otttf viov of Fijpiro &, it is ^iriotis
tbot tho oight strong ^ots of sir iapsotifig st tho sontor
aisst produoo s suhstsntisl sxisl fio« lioth Into mnd out of
tho plsno of tho ps^r» Tho sxisl flow t^lfHi £OOs for«srd
io doflootod o^tw&rd hj th4: doMS sii4 omMrgos in tho rolrn*
tivoi^ ttnohotnistod sross hot«o«» tho rovrs of air inXots*
This sir bss ttixo# vith fusl sntf hoon iip!»ito4 snd now is
*hot bitmins i^mmis*** thsso gssos psss in oXoso ^rosisity









4mdS x^ ^<MIM »i «pi
sO^j










\ oc 7-CJS l/n£:a^
^
'T/OA'MK-M^
r/(^(y^s ^r cc/.^/i/4^/^y z:i/^g^''^m o^^ ccM3(ysr/o/\/ C/v/iM&j^je sa/oav/ac^- /icof^ O/^y^/^.

soltins iR #xir«wily f««^ pr«li««tld€ of %tm tuwrning «•«»
W«il<m air* This hae « v«rar b«fi«fi«i«il •ffaot «a ••#4
i#ftlii«a «i4 MMN»tli ••«)»ii«tiGai«
ain«i it i« iS««iral>l« to tmifm this *hmaik*tl9m* «•
•trwof a« ]>»ftsibl*> ftll ih« priawry airt txovpt & •liall
wwiiit ii#«#a»ftr7 for eoolias mk4 eMrbsn |>tHivweiiioii, will b«
iatrodt30*4 tlirtMHili hoist in %km lMi«ic«t ionnstrssM frs« tiM
fosl eossl«»
?li« fls* ilirsiii^ ill* ««ii^»tio«k i^MM^Mr i« iM[iraii«l»
!••• » ilM «Mi» of air aliioh •&i«r» tti« oodbttaiion •featiMr
i^«tt^ any lM»ia or aiei in tlia )»«rtk«r batk«i doa« not in
Uim {»&•• ibrottji^ Miy ottisr hola or nlot on it« «a^ w tbo
iurbina* tf)d» likovloa, iho air wtioh iravaio through tl»o
aoMiiar path In %hm tail oono lioo net provioualjr |>«ooad[
tl^ronctk any Ikoio or alot in tiMi baoicot* Sinoo i^ tX^m is
parallal, ilui frlotion proooisro drop throng any part ot
tkm bumor amot o^al that tliroiigh any otiior pari. TMa
fnot naa vno4 in aoolgning Um oo«lKiio%ioa oUanbsr.
Tha daoign of tlio prinary irafto tNfco oonplotad ao fol*
Xo«ss
first, tJba vsight flow throttgh m ring of oi^^t l/t
inob primary lioloa looat*4 4*l/S Inoiiss fron ths nosslo
««s 4star«lnsd spproximatsly by tbo formilas
srbsrs s • air tX&m tlirongb tl»tt ring of Imlos in
Ib/soo






•i4T •#^M«T t*f«^c rnr .1
^mitk* >><#>.' ji -^9 v»i
"WWW VQv ^ <|^ ^ J[
•1#1 •« &•#•!(
S\i ^4%i<




Vl Hi ••l«il MM • g-A
^z d«n«ity or air la X\k/t%^
• nvlooity of Air ilirowigfei fe^«* in t\/m%% imA !•
i«ln« mm •(|ii&l to Ui*t iiii th« oi«ar»»o« arva b»«>
Uhmb tli« litxir and tha bumar baaicat
Oq s ari flaa ooaffiaiani
a^» tlia arlflaa aaafflaianit ^iNka obtaioad froa a
Wtm^ <^f« 5) afiar eaaputiiMt Ha|iiaXd*a mti&^r £ysi4 ilMi
dfta»atar ratio aa foXXovai
«^ra A| a alaaranaa arMi Mtaaan baakat «a4 Iwniar
ahali at t2ia loaatiae af tha primary
iMlaa in ft^
jl^ a a«itai4a dia»atar mt olaaracisa ar«a in ft
D^^ a iaaidbi diaaatar of eiaaranaa ama in ft
a .oad ft^ • ia«e ia<
"^'{^
Wimrm- t>^ * diaaatar in ft of a i^ipa with ar«a
a^ivalaot to k^^
"^'im,
s •$$# ft s 4.04 in
At thia point* it ia aaauaiad timt •SS lb air/aaa







*3 lo ."Miiir*! ' arfa
««>1# to.
\ t











«k«rt/^« iri«<»««liy ^f tkm air in p&le99
T s ^MR|Mirti%»r* &t «lr * see. 4® x
« 2.145 X icr^ ^i»««

















whmr^ H^ s nauiter of holes In rlas
fi|l • di«ft«t«r of 8A^ hole in ft





ffeMft* iritli t2)««« v«lii«» of HM Mitf i%/^| «n4 the
«iMrt of EoftrviiQs ft« »• fixitf cf^ • *6i»
m m .09^ X *011 x 380 x .61
fe X »
«lHMr« a « Air flo« tbrott^ ring of l»ol«x i» ftV
tho friotioa pr9mm»r0 dar&p immi ifeoo OAl«i3l«iod hy












:on¥?^f -(t^2 X 5S.S
• 14? Ib/n8 • 1.02 lb/lB«
Sln«« this »»• •oosid«r«d to !»• « r«ttsoaabl« valu«
f*r frlotlon pr^stur* 4rop, It ««• ••l«et9d as th« val^« to
b« ti»«d in d«ftigBlng the ooabustlon •bAHd^r.
As prsflottsly statsd. It «•• sssviisd thst .25 lb sir/
••« iMid bssB ttssd for oooling attd ssrbon |>rsTsntion. It
«ss dsoided tbst ths sir to sool ths dsMi should bs iatro*
itt«sd Uiresitb s ring of sigfat 5/6»iiieli holss srouiid tlis f^sl
Bossls. Ths sir jsts through those holss inpings on slsatsd
fssftss vhish givs thsft s swirling aotioii sod dirset thsM onto
ths do»s. Tho prossuro drop o^stion »ss ussd to (tetsnsins
whsthor tho oight Vd-iAOh holss OQUld givo the required air
floo.
t : H^i
whore ^ % «ir flow through tho eight Vd*ineh holes in
ftVooe
A, e sres of the eight V»-Uioh holes in ft^
Aj^ s ores of ooahustiois ehaukbor In ft^
Ag « 8 ^TLi^L^ • .00615 ft2 * .885 in^
-6S(«
r-













fbi» ««lii« s#«e« re««dfiMibl<i »iii«« « porti<8» of Umi
\tmimm9n ib* ne«« li«iii»l^i«r« tm6 %tm i^lla of th« Wsk^t.
thm dtslmd flofr through thl» slot i« tbcns
*es • .11 s *I4 lVs«o or 1.4& riV«*«
th* proftwiro drop •^ntlm^ «»• laaod to find thm ftlei
•Tft* r«i|ttir«d to obtain Ibis flow* 4ilii«» On* t«ne
F1 * (i^'^x)^ *^^^ ^* ^'^nr Q««rljr o^ttAl to It ^^ |>ro««ttro
4ro|> «^*tioii mmsf hm ««o4 to solvo tar Ag tlatss
vhoro % * slot aroft !» ft^
^ 9 air no* tkr««gli %^ alot In ftV«««
^2*
S
.^^T# rt^ «> 1.09 laS
flM nN^\ilrod thiolQCioofi of the i^ot Is found «i
followit























1,09 »'^U« . U . x)^l
X * .lie til
« t
la onlsr W g«t th* r*qpir«<l Air flo« for Ui«
pridMirsr ••otlo»» thr«« ri»4^« of oielit X/^l£»eh bolo« «*ro
r«q»iro4 in iho imnMir te«k«t ic a^iiion to %im rlAs of
#lili% Z/f^tMtik lioloo in Uio 4iMM ond ilio ai»iiilAr oXoi,
TtM wiidti flow ihroiMi^ t^ primmr^f soiso i« «0S
lb/»oo« tfeio loAiFOs 8*15 lVo«e to flow tisroiigh tbo ••«o>i4«>
airy soiio wl3i<rife twliii^a •»olio§ lotttros, t^ tali o<»i«
•MMiloa, aad ilto «»—wn4>ry li»l«o«
Air IntroilBeo^ t^4mii& tlio l^mirroo !• liat«»Ao4 to
••ol th« lNM*#t «od to pr^w^nt tbo for»atioft of tt*r)MB« £hm
loovroo *ro sIhhw^ to dofloet tbo «ar 4Lo«g tiio imt^r «yir»
faoo of ilio liskor, ih^o lcoopi»|^ tl»« voloaltj hkgS^ mkoimjk to
•••p «ie»jr Mijr ««rib«n vfeioh ttli^t fortt* tliermm rin^s of
«i^t loiivroo oaoh iior« oonoldoro^ o^to^^to*














^mOi lottirrt Is l/£ ini^ l0m$, «a4 1/16 in^b 4**p.
This £lv«« Ml *r«a of
s
Th« aF#A of oi»« rins of oislkt loiivr«» iss
K^w, »•—ins «n t^riti^m •••ffi«l«nt of .ei, ill* floi*
%iar0m§jk ib* lottmr^s i« as foiio««s
fii « *Ap^)
(Tlia isr«t l/Jl • (Aj/-»j(« IMS ussn saiiwa si&es is ftii
sssss it is vsry asarlj squsl to i«)
s,!^8 ftVMo or .OSS IVmo
for thrss rings* ihs flow will l>st
3 X .OSt « .OM IVsso
tsil Csins iinmilvs
tlis fIo« tlurswcli tiis tsii •cms smuiitts iB ^ssssssr^r
to oool ths iimsr lirior whisl^ is in dirsei sonisot srith Umi
hsi gMiSS* tbtf filst of mXr ns«4 sot be vsr^ i«r«^ to as*
ooai|:!lisb tttis« Ths l/ie*inoli oissrsao* sllovs^ is in &o-
ssr<Sa&os witb surrosit pr«iOtioo.
^••ordiins to ^mt^rmum 7« tbs i^rsiMiirs drop s^mtoss
tfas tail oons aioaislus is Mv«n by tbs following formilas
•04
« W J. M'^ 1.
am 2|0oX M> »es^
V <
D *•*
j?Jf^v•ff^. ?Q-r •(..•• T'v-r ;>:£,?







«li«r«Zl- « frioiioA pr9mmiT9 drop in XVft^ <
y?« density of mir In IVft^ • .0««» IVft^
h « i«B«%h of lAil 90am in fi s 5/l£ ft
R • li]r^M^«ttli« r«diu« in ft
V s Av«r»£< vttloeity tlmi^ uMamlT mpmm
in t%/—9
B«f«r«t«« 9 giv*« tb* r«l«tioii ^t«««» f nfikd
ft»yfi8ld*s B»Kb«r, NR. MH, iat tvrm* is d*p«RdMsit mj^mk v«
tiMtit it ««ii b« •••X2 tlsat a out ttBd try •ftX«iX*tioi» i« it«o*
••Mury t« «rrif« «t v«ltt«s of f «&d v vhioh will wmtimtf
th« aMT« •^««tlon« from n«f«rttn«« 7*
«^«r«/ts vt«so«it^ ifi •i\tg«/ft««««
'^»vft * av«r»t« «ro»««««atl<miil «ir«« ii« ft^
M m ««tt«4 |}#rits«t«r in ft
L « J












iriMir« D^ m insld* dlwMittr of Motion Ai
^ijiy^ &» ^^
0^ • «iii«ld« ditmmlmr of ••eilofi m% A,^^^ in ft
2)]^ » .43 ft
i^ S .44 ft
ir «rTr(.4j t ,44) • «.t^ n
^^ « 4 # ISfif 1 tfliijS » f
.45 at i<r* X 3e.e
« 17320
tmA t Z .041
^riii * *^\?^lr^
V * 24£ ft/ftee
<» «—ipfi y • t40 ft/««« ws4 r«i:aloiii«tings
tiB « 17530 X SJi§ • 13660
I?SO









viMim w « flow %brmsL$^ tail eQci« aiinuliis in ftV««o
(4 • .007X1 s 840
s l*t07 fiVsAO or •16& 1V»»«
^••aftiarjr H<»X«»
Xmsmix^ tk« flow thre«g!i ih« prlmmry Bwrn, thm
lottwr«»» ttnit %k« t#II ••&• Mumlti*, Umi «*t||lii flow iHrmttfb
•i6 lV*«o prifiuir:^ air
• 166 Ib/wwo t«ll «9ii« anaulua
tl^fft IWnU lo«vr«t
X.lll lb/««« tot«l
thmUf ilM^ vwlgitt flow ihroi2gh thw wweondtftry ^«»lws !•
a.OQO ^ l.lll s 1.869 1V«W«
lw««iA6* of tho high olooliioo let ih« ootsb^otlon
«iMMii»wr» ii wao oo«»»od ihni iho «tir wo^ld flow tlern'mi^ik
%hm —mm4tt^ iHiloo mi »o«ro oniglw othor %^ma 90^* thim
•nglo wow tokon i© l»o 46^ il»r«iigto»t ttm ooo^m^hif^ socio.
Appondlx ii prooonto on oxporioont whloh woo iho ^olo for
tblo oootiopiiofi.
thlo OBCulority of flow i^oooooltoWo tbo lniro4hHi»
tlon of on offectlvouoMi oooffleiofit, c;^> In oddiliioA to




»#^u» .1 rifsnifd «









«S h^ It nt 111*;-- i'f
rr
>9 ••
a ••oweidary boX«« C^ !• d«f|]»«d mm tlm sine of ili« «iiii#
of flov.
0^ » via 4S®
« .707
to fiad ibo flow UMrttWiiiii a rin^ of olglii ^a*lneh
•••findary holts
s
HhMTt a s «lr flotv tbro^gh ring of holos 10 ftV»*«
Hlj » miflibor of hoiso in ring s 6
A^ « «roo of osoli hols s *CX>&IS ft^
C^ » offoetivsDOss oooffloiotit • .707
Q^ s orlfioo oooffietsttt s .01
g « iimvitiiittonal oonstoe^t • 3&*2 ft./«*o^
A? X frloti<m ^rsssuro drop •147 l%/t%^
/ Z donsity of sir « .OSeS Ito/ft^
C4 5 a » .oans * .707 as .6i\|e4.^ ( \m \
I
LQ965y
t a.8t ftVi^e or .201 ll>/soo
«t»iXsrly» for m ring of oight ll/l6*iaoh holos
Is e.88 ftVsoo or .376 Ib/soe* tiaas* six riags of Xl/ie>
ineh bolos sad ons ria^ of S/^^i^ob holos m\XX m&mXK t^s










• 14 * «smiilar sl^t
3 X .IS » .SO * Uir^^ ri&%m of l/a<-ln«^ luil««
ft X •278 • 1«$7 * ftix rli^gs of ll/lBminob hoX«tt
• Stl * «a# ring of V^i«>oiEt hi«»l*s
• ie5 * i«ll •ofM «iimiiia«
•Otft * louvr«s
3«00t lla/««o iotiftl iftir flev
tli« iNrlaiirjr Air sbould to« iiiir«4h3i0«d far MMmcii
^•im*tr««tt to laimro %hm dttolop««ot of a otrong «o«te»%i«o
•d4|f, Tbis is about ihroo^fourths to smio diaiMtor fro« tbo
fiAOi aoxxlo*
th9 •oewndary air i^ould bo firat lntro«luoo4 at a
loo rata aiaid tlio» at oki ineroaalngly ig^roator rato dotpii«
atroaai* fhia is to proirant ohlllin^ of tho flasiO front axid
tba reoiiltiiig atop^ago of tua ooelwiotloii ^roooaa* % Intro*
duelng tlio flrat part of tiso aaecmdary air alx to oi^ht
iiii^a from tba fuol dosxIo* anotigh tl»o la allaoad for tbo
•OK^oatiwi to ba «all along tovarda ooaiplotioa*
A mmkwtmi0nt aatl^od for loeatins tba prisar^ aad
•^^ottdarjr bolaa to aatiafjf tbaaa roqolra«Mi%a la aliomi in









































/ J '^ ' s <: 7' 5 s /o // /z. /v

is plotted •• 4i«i«fi«« from %tk» tv^ml ttomzlm* Tli« oorv*
•hovn in an aro of a eirol* and is d»fia«d ^e follows;
Xm thm o«nt«r of ibo oirolo lios on ilw vortieal
lino throvigli tfco moro disisnss jf^oint.
£• On* point on ifco aro la Uia aroa of ilio o^ninga
into tho bumar baaltat atiaad of th* fual nossla,
i.a»» tha araa of tha aighi 5/6-inah bolaa*
ftoia araa ia plotiad ai Um paini af wro dia»
ianoa*
2.« Tha othar point of Uia aro la tha total araa of
all tba opattiAga« alotot *nd louiras in tha
Imrmmr iM^Hcat* Thia araa ia plottad at tha dS«»
tanaa at abiidti Uia laat row of aaaan^ary holaa
ia daairad.
Hoa* by taking tha araaa of tb« rin«a of holaa and fitting
thaa to tbia ear-w, a aatlafaotory diotrlbutlon will a«to»
aatiaalljT fellow*
tbia natbod. uaad Judioioualy* aboiild tafca mab af
iba aat and try out of tmmar daaign*
Xba aaalini^;, louvros oon £iov |>a plaaad in spota vbara
tba bonndnry layar would otbaralaa thiakan ap and lot aarbon
dapoalta fora*
Figura 7 abava tho final oonfii«ration of tba aanbna«
tion abai^bar*




••lit ut Unt 'Uf





ja^-jett oo r£:j^ /jrv^'^Q
TA/L CO/Vj[:-AA/A/C/jLC/S
\r^/^ cc>,v^
/^/Gc//e/:^7. /?^s/g/v/e:/? co/i^scy^7-/o^/ c^/^^/wss^.
i ^O'^^^^^^^L.

$ln0« tb# flow through ih« 0Mi^*tlon oli«itiMr la
pftr*ll«l» ilM pr««ffur« drop thrcmi^ aajr mm piort !• •qual
io III* p9iBm»rm drop throvgik t^ antlr* burnvr. Tli« frio-
tlott pr«»«ttr« ilrop» mm a«lc»il&i#d id ih« praoadlng ••oilmi,
!•$
A P « I4t l*/fi* or l.Ot IVlB*
Hoviiift ilsko frieUoe proiMRtr* loss in lMit4» It i« now
o«o««««ry to dotorttin* tlMi pr««mim looo duo to aoA^tttioe
la ordor to hairo tlao total proooiiro iooo tlzrough thm ^raor.
Tito o««WBption io n0m ma^ tluit %hm ooatlna^oticm tokoa
iplooo io o teri^or ot oonotont orooo-ooetloiMiX «roa and that
no wmmm io oddod l^y tl^ tuol*
If) o •ottbiiotioft |Mro«o««» tho i«pi2i*a»ao«oattis I«»
lioldo. Thio lav atatoa that <*lmpuliio ia oqual to tbe ohaa^a
in KOiKMitiiii** irittw» isaUioaatioalljr. tbia lot
Ft « A (*t)
aharo I" « peisieida foroa
t • ti«o in mme
1 » po^oda aaaa
v « vaXoolty la ft/aaa
'«i\4i to- * A
wen fti 4t ,hft»€ nk »• ««*«nc v. -st «d.t snJhr«a
r.^K-vT-l --»* iJt«;^i;ssr « »
B^«, sia«« BAMi la ««<Niii«d CKmstanis
«l3i#r* « • ««iglit fXov In IVmo
g « mtio of ftt»««l»i« to grftviiAtiofiiAl unit*
of »«••
Proosttro 1« foroo f>mr unit ftromt ocd sineo tk« Immor
to of eof»itattt *ro««
ft
vjboro P4, * oniorlng oiaiio proooitro in IVft^
%• * «xit oi^ilo prooouro in Ib/ft^
A » bumor luroft In f%^
Xti mo Ivrnor oi hand, tlso know^ ooi»4iiioa» &ros o&»
toriAfi iotol proooiirot 1^4^; ^itorleg m^loeitjt V4; oetoriAa
ioUU toaiporoUtro* 14^; on4 oxii total tospomtcro, t^^*
lo ord»r to ol»t«i» proooieiro 4rop duo to ooalmot&onf It is
riOOO«MVf to kiioo tbo thoorotieol oxit total proitoiiro«
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mhmr^ f- « pr*%mir^ in lb/ft'
/^« 4mnmi%y to IVfi*
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t s t«9p«rAttir* in ^t
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II - 1 * IaJ. s.t^ * J ^ *
-%A *«t'
- *(2|^ "^t^jjtt
IWiMHi*MWf«««MlwiMpkMMaMa«MMMIMa>M»« ii iWHiiiiiiM mm>»miii*n»,^tmui,»mtn»0i*m*mmintuiimmmifntf» i ijw>ii i iw ^M>M»iui.<WM«M»iWWi»«WiiM ii<p i iWiiJW»<«)i#iiait<i
( V* 1; ^4^*
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Substiiiiting tbm follcming Tftlii«s in th* foramla driimA tor
4 » XOO fV««« s«i « .m^
!r S 1.4 Hit' • .OOCI





9 « 508 ft/MO
S«b«tlU»ilii« ill* follovtog v^ii«s in ih« formtlaa <i«rlT«d
for T4^ «nd T5.S
4 » 100 ft/t#e ITft « 30« ft/MO
i « S««2 ft/M«t ^« 1»4
Tit • «•»• « tst • iwo<* a
«• fiil4«
5
tr. « I960 - l»Ot>*
s I95a,4« S
^JijL^
b sUmnoJi •ii ^ iAiPO,
Y
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C' i ii^
-- J a- J. «•
'49*
for t^^i
V4 • 100 fI/mo £ s :S02 X%/—Q








i^riotiati pr«««»r« drop « l.OS iViisi^
IHw—n%ii« jpr«»«ur« 4N*ep s 1«17& iV^n^
<1iP—< iw i w 1 1 IWI urn ii wwwwim tmummmmmimimmmmx'mMitmmnm^
t«tiiJ i»f«»iMr» drop s sg.l»«^ IVla*
-<;^-
*>Aa.lf*'t*t












'.f 1< ai:ii» »ri
fmr mmm In mm^^mr%ng tmtiB»rm ot irmri^um •Ibas and
niMAlly !&•• b«t>«>9«n four pmr ewit and tavtA ]p»r <i^t«
Fit 1*6 X U«7
fill* vftlna itt ft litiX« hXjg^ tnti 1« txplAiikad by %hm tmry
IcMr ?»!»• of i;-^^«
B«r«r«A«a $ atAis* Umt th« total |>ro»«t»re ^tnaip
•feovld l»o ia tha aolgliborbodd of ^ to 30 ti««« Umi valii*
of th* iraleoiijr haad <|[ m% poi»i 4,
64.4
» IS IVft^ «r •^^04 IVln^
« 7154
l^ns It io ooon thot tho praootif^ ^0{» «ibt*ija*d l« la
aoQord with ^•forotic S»
flMlHi&iAil ^^yi^*a<«f
In OB VBipnblloliO'd prnprnr^ l^r* •'^^ It* HMHklioiTi*, In
oolloHorotloii vittk I'rofoooor t%« 0« £«tett«X of tl)o







1«^ foraula for MttUisiion «ffioi«tt«]r* thl« forwuXm »a«
d«rl««d froa «isrf«« of a •«rl«« of fbiaotloia obMil^oro show-
ittg Uio oorrolAtloe 1»otvttoa •ottt»ustl<»i offloioaejft boat in-
p«i» «nd tfiottoior of ^tUMibor* 7ho for«nIa io ao folXowot
1 -^ s o ID
w^rm \ * ooMlMiotiotk offlolonoj
o » Aoturnl lofi to««o • 2*710
X d ••^•iioii liiiotioiiy in 3t«i/hr»fi^-o%«





«\5 I - .g«55
« .70ti^ or 70,»51
This i» « loo ooiitAioiioii offloioooy* HonFovor. ii4o etm %o
ottrilmtod %o liio foot ilioi ibo vory low toI^o of ?^^ no^*
oooitoioo • vorjr liigh •oMlmotioik ifiionolty, Tho offoot of
#«A«oii<m iatoaoliy o«» hB mkowBt ^jr oisbotiittilag «a In*
ionoliy of 4 x 10^ 8i«/l}r-ft^-ot« lis Um oofklriool formtlm*
in ihio oooo, ibo offioiOAoy J«ii«»o io M£« In ordMir to oli*
toiii « •oatetoilo^ iatonoiiy of 4 it 10^ » 141. wool ft^ol 3*8
otKOopfcoroo* ii»v«a tl^^lo voXoo of i^4^ is ooiMiidorod qsiito
loo for aodorB tar^o-iot oeglaoo*
•u«












Tli« (M«)Ki«ilQCi «lluui^r r^msltXa^ from tl^is a»«i«B
•hoffft « ioifil pr«»«ur« drop of t«l^ lli/ixi^* 0* Oooffmy
iMiib In Sof«roii#o 9 otAioo ih*t oovorAl fti^indard turbo**
to till proosuro drop of ftt««t fi Xb/ln^* Froa tblo. it w-suld
•••• that tb» prooamro drop fer tho ^oip-od «Mam«tiim
otMMbor WAS not oxoeooivo*
fli« J^ltiofc uoo proMwro dr«p dlvldod bjr roforonoo
v#io«itjr hoad (Ai/%) on a iMurwMitor for •ompariiig dlfforont
•OiiAnstioii «dMMrtMr»* Volaoo of this poriiaotor froNi tO to
90 oro ooaoid*rod roooonoblo, Horo o£oii»» tbo doolipiod oo»»
Iwation tteiMi^or oooforAS* botrlai %AP/q of SX*1*
Anothor poroiMtor is prooouro drop dividod by total
InXot proocuro (A /^4t^o «oot valnoo of thi« fttrtMOtor
fiiotod for otifl^MuNI »Mrtiwtiott ^maHtmrm vmriod froM tbroo
to oix pT #Mit» Ko«ovor» tliooo vaIuoo «oro itwarlabXy for
total telot prosoitroo of ^.S to 4*& at«oiiplDoroo» a tost
of a DtSoYlllaiid hml wlwtiott olMMi^rt oporatittg at an
iolot prooauro of l.S atfsoapboroa (a vaXvo vary noar tbo
4aaliR ^lAt of 1*6 ai«oa|MMnr«tf) t iiioood aAf/F^^ of Id^*
tbua, it voiild aff««r tiMt tfeio Yaluo of 9.34^ oaloulatod
for tbo daai0Mid oliaM^or la ao^pta^lo*
flairttwwm**a •wplrioal fonoula for UMbmotico affi-
oi«aay «aa i^van oitli fto ladioatloii aa to Ita valid ran#»*
«• ^^ I' ^ w
.i-uinc^n Bt<i^
i o'ja'v




It owy tf ib*t iisine ibis torvmltk ttii4«r ft oaniUiloA of 1««
inl«t |»n>««er« 1« Kioi ^U8tlfi«4 ft»d thAt aoUt«l i#«t« of
tte« tlMM^^r wmld proif* tli« iral«« of 70.^^ o^Wi£i»4 froa
It W M Mtli U^ l9m tt ta1u« of «#idNi«U«i sffial«Boy*
thltt would a|2|>#ar to to ili« o*««t J^%iiit l>jr t^ ro«uIt<
obtaiaod In tho aforMMntiofiod tost of tlM 0oB«vill«iid ahua^
bor* Oporstirtf ttii4or •cod&tietio wry olooo to tho 4mmigjBk
point tto«d In tiiio lavoatl&atioa* «& offlelofioy of 94^ mm
obtftinod*
It l« rogrottablo thot tlico did not porwit tlM build*
itti tnd tooting of tho dosipi* Qmlf vith tho toot rooulto
ill boad 0011 It bo o*id pooitivoiy that tbo dooiipa is good
or b«d« Hoooipor* by oo«poriooa oith |»rovod doolipOf it
voi2ld opi>OAr to bt o •o.tiofootorjr Mmbiiotioo eboabor*
•«^-
OBSsavAtidi or nm tmmm mmmmm woum
In or#ir to obs^rtMi tfe* vagiilarlty of flow tturQ«i||i
ifei« nAeoadftry twl«s of « biir»«r basket » a %m9t box «*6 ooa*
•tnioi«4 9itfc #i^tr«nee» •«!%» «a4 bol* &r#A« siisllftr td
ito«« in Um omi^sUoa tflMii^or of « J*^ ttirl;»o«»j«i «cM|la«,
Th« J<»33 O—ltr Wkm wml^%m4 •lna« 1% «*• itmnd to b« Ui«
«««i R»«rl; siMilMT to Ui« feHffiMir ^sipiod in this la<f»*ii»
Tiifis iHir* iB«|pMited frpB il^* eontoro of ilio liolot,
and tho Anglo of fl«» mmi toii^si oo i^ oi&ilo ttoo«iiro4 ^o*
iiwom ttoo tttfto o»tf, %hm plmtm o^miainioiE tho holoo (Surlrtg
pooosfo of Ml otr oiro«» Vhroti^ Um %mm% Imix.
iitt oitoo^i l4» ro«4 Uio flo« ontio hj lnirodMoSiit
«Mi» iRio Uto Air siroon woo « foiXur« dDO to tho 1^1|^
volooltjr im4 tiMi largo onMUit of turimlonoo |»roooi»t*
li mm «Ml^«#o4 %^%, irhilo tlio oiiglo of floo
vorio4 wi%h diotoaoo fro« tho fyol nosslOt o^ avorono oAglo
of 4^^ oomid W» liood la Ootomiai&g tJam aro* of tlio mmmtm^
ary li^oo*
If %im rioo throttjgti a Iwlo l« at on «aiglo otiior iliafi











/.V 1.' « . ¥
•»*i«ft fm*
#i»a» aft i« «i #1. y^rf.^ ^„ j^
-<k> edi fi f <4.?
» «« w^^ v*f (^
«4ULw
mmrym6 mrm^ of tlM li»^« \m% Um f>roj««tl<m of th« *r»« cm
ite |^«M p«rf#ii41«itlttr to ib« f]io«« T2i« forma Ia fer fX««
^terMighi iHei orlflo« i* d»rlv»d for a tlom porpMidlouliMr to
ilM orifioo* ^h«a Uto flow is imi% {9«r^«id4wUAr to ibo
orififiOt tb» projo^tod «ro« ««•% too uood in ortSor for tt^
orifloo fonmlA to bo valld«
tiMi projootod «roA !•
A o ji|^ ttla 6
«lMt« A « IMTO^OOtOd Tmtt^
^ « ftro«t of holo
^t anglo of flow
In thio p«por» ftin61« oallod c:^» offooiivtnooo oo«
ffi9lont«
l^#Mro« tt «ii4 9 iliow soQoroI vtovo of tiMi •^ipsMii
«••« in tiho oxporlsont. In tliooo flg»r«o« Uio jp«rt« art
Ml folXo«0(
(1) Jlii^v-lotli pl]f oarrylag tlio flow froai tlui
rotary Mii^r<o««or looatod in Uio iMMiOKoat.
iZi tator ttoo^Mtor iMHHiootod to |iitoi«>st&tio tmhm
io tiio plpo*
C8> Ooiiprooood mir lino*
(4> 9mtSKm fsMMTtttor.
<e) to«t box*
fi£uro 10 sl3««ro a olott«»ii^ of tlto wmakm ii«fior«tor*
«!<•
9#












Figure 8. Photograph of Test Setup for Observing Angle
of Flow.

Figure 9. Another View of the Test Setup for Observing
Angle of Flow.

Figure 10. Close-up View of Smoke Generator,

«6S«
•Ml to i»r9dii«« •ttftictt. TlMi MMiani of sboIm «*• r«^lat»a
^3r m ttitrt ia ilMi ^iglk pr^mmir% mtr lia««
wAm4mi m^ Vem iiflii# »a«4 la taiciag ]|^iftlttr#» of thm Horn*
th* i«fti bc^x it«»if ««« 4i»ai«a*4S io tliMtiiito ««ei41UMi« in
tbm J*3i 1N»iAiHr lMi«li«t# tiMi jpl«i« 9%%k Um b&l«« la it
WM idftoiid la ««»^ II mmy t^bmt it aivl<!N»d %h9i ial«i of th*
IMH lai» %»o «re&«3 «»• Ar»« •tp^Al to tiso oloitniawi ares
^t«n»«o tbo <3iiv«r ftli*!! «mI tho te»ra«r bft«lMt aad t^
oi&4H* mrmm #qiiftX to tkio ant* of tbo holoo arotsM tim f«ol
a^Mila plKo tlM» ar«a ^ IIm «Mail*r apaae bot«Nioa it^e aoaa
iiaalafilsKPo aaA tli* iMHnMMr iNiakat* la thio jtooaor* ia^prt»]cl«
aataly aorroot ipt^i^^rtioaa of th« floa oar^ li%tro4i&««a4 on
aa^ ai4a of tiko ^ata* M tlio osli to U»» toat ^x, tlia
plata agAia diirld»4 tlia flow* Tho aaall araa at ti^o oxit
aaa aa4o a^al to tho mrm^L l»otaa«Ei tlMi iaaar afi4 ontor
aalla of tlia tall aoea* Tb« plato aaa aada alt^ tHa aaaa
slao aaa ana^r of feolos &a tba Immor t>aiticot*
Fiao vlro »a« ^l)io4 aiMroaa ro|Hraaf«^tatliro l^loo la
tlM ^ata aa4 allH ^road tla« looaoly tc it. fletoaa ollk
tuft* i»ll{}a4 taaaaalvoa wlUai tba floa« mukams, it pooolble
to mmAmir^ thm fl^i aaslo«
tha mtmprmmmor aaa atartad« oe^* mhmi %h» floa ImUI
mi •mmUikmm ^mimmU •i t^gixHvb mmm Jlmmit ift^ 3^^^ ^^
!••) aAf to»Qi*fft ft*!** fwft i© ^^nts arfi 6i Ia«^ m^^m tmdtn
txttmq^A tTwnaa mUU ai .i»Mmm4 ^mnmt mU ^mm imitiiBK
•• bm^^mm^tii •^mht vol) »?f.t ^o B/ifitj'Vfi.^»^ #MnPf«9 yIiMmi
Situ M m^tm llmm «n a aaj htt^g^ih mkmf^ m$ml^
fim kmm 'mmtU mds immm^a a*u mas \^ * ^^
—
«^.
Ail* tStt^ mil Iht ltA»C©t»i dftlJ f inii MliA ft«| tilAiti Mill
•MiMs, #1 9aiMmm .wmSt •di astm mmlmmmdi bmmiU •il«r^
m*i^tm wen mU •ntmmmm «.
ftttrf ••n •«! Mtfv •*«• ,ft#J<M#« •«v ttiBi^nii— MIT
Figure 11. Close-up View of Test Box*

•57-
•a^le ^t %^ tufts «*• r««orA»4« Thla «»» doiui f»r ilir^*
diff#r»nt fl0««* Plid^ogrAp'bi^ r*4ior^ Mint t«i(«n of all
funs*
Th* «BolL« gen»i*«lM»r v«« op«r«%«a its follows; About
ft Ml sf fiai4 «*r« ^t In tlw ssllon «mmi b«f*r« tl^ nm
»«• stsriod* ^stkMi M^liii vss a*sirod « a» vslvs in Uis high
i;^rss««rs sir lli^ mmm o|>sesd* ?srjrii]« Um sateiHii of hi^
pTMMttrs sir irsrj effsotivsX^^ rsgiilstsd ths sAOWit of ^usks
obtsiosd* tMs srr»ais<MMmi gsvs a vsr^ sstisfsotor^r mi^^ij
of sttoks v^diir ||g»o4 ootitroi. I^ftfortisimisl^r , it wss ittpos*
•Ibis to ^toot t^« icigis of fio« llir«o^ %ls0 h&lmm by Uais
9m^m ^m %& uss high vsio«itiss s»a Isri« aiiovAt of tur^
JmSmUMmShI
fsbi« li mskA Figers iS sho« ths rssi^lts of Uab
issis. t%ois«rs|»h» tshsn iloria« %^ rwos ar* sImnmi I«
Fissrss l^» 14, s»d l$« frsii ihs rssizlis it mmB^ b* ssmi
thsi th# fiow sagiis turios frss 66^ t« ^S^ ss th« 4ist4iyass
4k»«PRS%rs«R» iii0rsssss« thsrs is XitUs i^ristion sith
shsftgNi In Tslooity. thm svsrs#« fios so^is ovsr ths isftgih
at ths sstts&dsry ««n« «»• s|>|^roKiflMtsiy
•T«*
JoM/. :«H>XX9t •« ^Mtf^HMfO M» TtriniuMt tUtas MIT
MU U m4Umm% mU Mdft Si «fMilt km XX •Xcftt;
<M»e« 4k;; 4;&® Ji d^i4M»«^ tdt •<Mft .ax km .$1 ,CX t^i^ri
••iu^a>l/3 stiij «& ^'d^ 4»# «0^ a^^ ••i^AV •XiKHi von aifl imU
A«j|A«X 604 !•«« JU^tiM iM»4X 4k||«lNlftt ft^"'. 7 ol




nwftji KAi^# mmmmmSmJUUBiKL Wi W iWiB i m i fSWUSmm >
UIM l^'6B l«4i
1 «s id to
S 4« (il 4t
a 46 €« 4ft
4 ^ <MI 49
t 4f 42 48
• 40 40 4(1
f m m m
• SS St 37
• l^t SS Si
«^ H0l« fKBn^^ I i« tl&ft first l/d--ia^ l^i«
In tlM t««t p^«i#« It i» incited four
iaci^« free Ui« «»trttfifc4«» t» tlui Uisi box.

















rri ti.-' rj- £i . JEg^tS

Figtire 13. Interior of Test Box Showing Angle of Silk
Tufts During Run at 1.18 Lb/Sec.

Figure ;:4., Interior of Test Box Sliovilng Angle of Silk Tu-
Rtm at 1.4.5 Lb/Sec,

Figure 15. Interior of Test Box During Run in Which Smoke
was Used.
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•Hi <iiiiuj Mil maiMr viu Milt oT
H% 9%. m fa^ X cat. » ii
•65-
s^fMmaix s
A • aaaclWOTi mnm of etmimstlon •luM^r
A^ ^ «tttrttii«» «r«« Into bmttk«t
C^ «» •ff«Oil «•!»•«• «o«ffi<ii«»t
C^ « ttrlflo* «io«ffloi#ii%
d| « <li*M«t«r o<f pii^ vlih aiNNi #^lv«l4^t to A^
%4 * ii^oi^io diAsotor of olooron^o oro*
S^ • o»toldlo dlftttoior of oloarolMMft «ro«
4 * ni»or dliowotor of toil oodo
f - friotioii footer
C «• |pni'irttotli»»ol ooa«%«»t
h • iMIgih of toil OOI^
L « lofigUi frow nossXo to Unrbino •ntrAxieo
X * Iwiftli fro» eoj^io io «ft^ of baokoi
!« * XoQ^tb of oylto^r or ^ookot
%-l.v'd:.t.,.J!.. ^-iui'i^^^ifi^p X^ n^-i^ ^^^^j
-ueat ^










unr m imtmr iMatliig t»1«« of fu«X
H * wmmhmr of «oni«i#tioii •iici^^fv
V|^ » nw^Hir of liolo« i» rifin urcmiiA bAsluit
Hit « ll»|iM»ld» nitasbor
^9« « %«i^rftt«r« «i •t«ii4«rd «oa4iUoi^
f^ • total oxit tM^rAtur*
IT * voi^i^o aviillabl# for wMnlnistlott
Vq • vol«»»o of i^llador or ImoiEOt
% .» VOX»m« of h4»iit9iMNF« «r «MMI
f^^ » folvAO of t«il eono
y « volooity
v^ • roforonoe troloelty
••UJ —
IMI lt> 9nisr 2fitts«<f TViroX • VMi
t^uM^mi tsoti-^ Wii«i tVi»t - -1*
•l*<ftMM UMI1 ••A^lili* • **
T#\ftoicn rfO. ;





•UttiV fix* « »« r
j>>
« • wi4^% flo>v of air
wf * miii^i fl»w of ri}«l
'^ • «ottlm»iion ^fti^Hm^y
^^M-^ rimiiomi%y ©f air
/^ • 4ltft«i%5r of ftir
^no « tftftftiil^ of air At n^a^^^undl «oii4it.ioa«
•V'ii-
yt?**tas* n^ifm^m - *«





r i«(|'&.i«fi| •» 0^^\
«>4Mk»
aunk&ix c
a* jiff4^pfm^ M lla^ Icytliiii ^M^aigyyMt jAl IMI*
<l#i ae«b««U €»»»** IaB Sprint ^eiL9» %»n^ l,9«t»
^•lai «^l«2r 4 Suns Smi»» Umm tone, i9t •4ition« lf&6,
fork* 194:5 1 p«' 3.00«
7. Ibid, p. 04*
•• IM^, p. 74.
MCtt»£i» ar«r*rt «MM, iiw., MMT !•«€. 1944, p, 47.
t fifty ijsu ftuy iy» : ^^u. ^. •'
•OMX dnaX t^X'cit ir2i*fq«A fti^i ' «i.w£J»««tfM9 i«V
ififtim^ffnf^ ftffilifffllMH 2ft JHritliiM t •«» ' «ti«ii^»^ .«
,detX ,£s»liJie>« fl ,JHot •#« •••III •ftc}^^ A ^#fl« fa^«W
.; ,&I4X .T
Vev York 9 1943^*
$• OoltfiiOlI, r« B«t l^i«l^t F. 1. Md &loon» u o«, «ao»..
biittti^m in Moving ^Ir,* IAS l'ro|»rint, Aprli IM6«
4U (^ido» «l. H», ^.a^alT&rt.^» H, J, mA di»*lAO« C* f* »
^'Iffooi of 0oiilwiotor«.l»loi Coa4lil«eMi o» Fof^twiiaii*
of «» At«fe].4i^ turbo^Jot Sowlniotor,'* ll^^A* T« ^« 1397 #
Jiajr lt47«
hy ASM, !io« Yof^t tlianuirsr 1947
•
i» ttWiooii, avid ^-. » JMMMril li SUltAffififliM AUHlWIBiAlJI*
ilom Hilojr i» $«iio txm*, Umv ifork, lot odiUoa, iS36«
T. Ool4Nl'tott^ t . - aiia 3 5,ii&-r«, "..n^ljroio of the j'orfor*
ttoooo of a Joi I^Htitto froa C^MrmsiorioUeo oi Uio Oo«»






d«Mi loft. • Umm toHc i»47*
Knar t948
.^..:.*.sil-n -^^SH^r iiffi«i«i«y»» trm&mm .^i^^^t i^asj? 1948.
1ft. l^4L4rr«fi4 ^a%«rt» »auiiid« ftl9»->^4 of J«i £c«Iihi«,*
iill^Miftltti* l^oTiWibor 84 » 1«47«
1946.
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